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Abstract 
Sixty three glass fiber reinforced concrete (GFRC) beam specimens of size 100h100h400mm were tested under four-
point flexural fatigue loading by electro-hydraulic universal testing system (MTS) to obtain the fatigue-lives of GFRC 
at various stress levels. The specimens incorporated 0.6%, 0.8% and 1% glass fiber volume fraction. The results 
indicate that the statistical distribution of fatigue-life of GFRC is in agreement with the two-parameter Weibull 
distribution. The coefficients of the fatigue equation have been determined corresponding to different survival 
probabilities so as to predict the flexural fatigue strength of GFRC for the desired level of survival probability. 
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1. Introduction 
Considerable interest has developed in the fatigue performances of fiber concrete in recent years. Many 
researchers carried out laboratory fatigue experiments to investigate the fatigue behaviour of plain as well 
as fiber reinforced concrete since Feret¶s pioneer tests [1, 2]. The use of high strength materials requires that 
the concrete members perform satisfactorily under high stress levels. Hence, the study of the effects of 
repeated loads on bridge slabs and crane beams is a matter of concern. There is a new recognition of the 
effects of repeated loading on a member, even if it does not cause a fatigue failure. There may be inclined 
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cracks in the prestressed concrete beams at lower loads due to fatigue loading and the static load carrying 
capacity of the component material may be altered. So it is significant to study on the fatigue strength of 
glass fiber reinforced concrete (GFRC). 
 
Nomenclature 
S            stress level of fatigue test                                        i           failure order number 
N number of cycles to fatigue failure                        n           specific value of the random variable 
fr  static flexural strength                                           D          shape parameter or Weibull slope 
Vf volume fraction of fibre                                         u           scale parameter or characteristic life  
P            survival probability                                               K           number of fatigue data or sample size 
2. Flexure Fatigue Experimental programme 
2.1. Test materials 
The concrete for study is designed to have the strength grade of C40. The glass fiber reinforced 
concrete mix used for casting the test specimens is shown in Table 1.Ordinary Portland cement, crushed 
stone coarse aggregates (maximum size 20 mm) and artificial-sand were used. Glass fibers of length 36mm 
were incorporated in the concrete at 0.6, 0.8% and 1% volume fraction. The materials used conformed to 
relevant steel fiber reinforced concrete Standard specifications. 
Table 1.  Mix ratio kg/m3 
Cement Water Sand  Stone 
409 180 880 1076 
2.2. Test Specimens 
The mixing was done in a force rotary concrete mixer and the fibers were gradually sprinkled into the 
drum by hand. According the glass fiber volume fraction, specimens were cast in 4 batches, each batch 
consisting of six(plain concrete is three) standard flexural test specimens and four 100h10h100 mm 
cubes. The cube specimens were used to determine the 28 days compressive strength for each batch. The 
specimens used for flexural fatigue tests as well as static flexure tests were fiber concrete beams of size 10
h100h 400 mm. 
The specimens were cured for at least three months in the standard curing bath to avoid a possible 
strength increase during fatigue tests. The specimens were removed from and kept in the laboratory 
conditions till testing. The 28 days average cube compressive strength of the mix was 42.6 MPa. 
2.3. Flexure fatigue test condition 
The flexure fatigue tests as well as static flexure tests were conducted on the MTS810 closed loop 
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electro-hydraulic universal testing machine. The beams were simply supported on a span of 300 mm and 
loaded at third points, see Fig 1. The span points of loading in the fatigue tests were kept the same as for the 
static tests. The flexure fatigue tests were loading by displacement controlled mode [3].  
 
Fig. 1. Test beam of GFRC 
Flexural fatigue tests were conducted at different stress levels S, ranging from 0.80 to 0.70 and at same 
stress ratio 0.10. Constant-amplitude sinusoidal loads were applied at a frequency of 10 Hz. The numbers of 
cycles to failure for each specimen under different load conditions were noted as fatigue-life N. With the 
decrease in the stress level S, the number of cycles to failure N of the specimens went on increasing. Since 
fatigue testing is a very time consuming and expensive process, an upper limit of the number of cycles i.e. 2 
million cycles, to be applied was selected. The test was terminated as and when the failure of the specimen 
occurred or this upper limit was reached whichever was earlier. 
Four beams from each batch were tested to determine the mean static flexural strength (fr). The average 
static flexural strength of each batch specimens is shown in Table 2. 
Table 2.  Average static flexural strength of GFRC  
volume fraction of glass fiber Vf 0 0.6% 0.8% 1% 
static flexural strength fr /MPa 4.62 5.42 5.25 5.43 
3. Analysis of the flexure fatigue test data 
3.1. Test results 
The results of the fatigue tests as obtained in this investigation are given in Table 3. According fatigue 
test result of glass fiber concrete, large variability was observed in the fatigue-life data, particularly at stress 
level 0.75. In an all, the fatigue-life of glass fiber concrete is increasing comparing to plain concrete. 
Table 3.  Laboratory fatigue-life data (fatigue-life N, in ascending order)  
volume fraction of 
glass fibre Vf 
Stress levels þSÿ 
0.7 0.75 0.8 
0% 294,577 54,878  23,005 
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419,452 118,743  29,788 
511,275 164,718  36,457 
0.6% 
236,781 149,051  22,105 
309,129 153,752  29,895 
380,820 162,884  37,050 
480,394 170,453  37,256 
631,291 188,826  47,028 
645,377 205,391  79,390 
0.8% 
336,000 82,231  29,707 
392,567 125,706  46,235 
560,458 140,831  51,968 
673,310 150,206  59,000 
855,786 234,189  91,589 
1,088,286 302,756  96,971 
1% 
518,470 108,956  62,302 
716,049 125,144  67,859 
996,325 198,444  73,950 
1,089,196 362,038  78,854 
1,177,001 406,364  92,547 
1,352,284 424,456  106,152 
With the fiber volume fraction enhancing, the trend of fatigue-life increasing is especially obvious, so it 
can be inferred that  the fatigue performance of glass fiber reinforced concrete is better than the plain 
concreteˊ 
3.2. Graphical method of analysis 
The Weibull distribution has an increasing hazard function with time and is most commonly used for 
describing the fatigue data these days [4].  
The survivorship function of the two-parameter Weibull distribution can be written as follows [5]:  
D
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in which n = specific value of the random variable;  D  = shape parameter or Weibull slope at stress level S; 
u = scale parameter or characteristic life at stress level S. 
Taking the logarithm twice of both sides of Eq. (1): 
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This equation can be used to verify whether the statistical distribution of equivalent fatigue-life of glass 
fiber reinforced concrete, at a given stress level S, follows the two-parameter Weibull distribution. 
The empirical survivorship function can be calculated from the following relation: 
554  Yan Lv et al. / Procedia Engineering 31 (2012) 550 – 556
 11  K
iP                                                                                           (3) 
in which i = failure order number ; K = number of fatigue data or sample size at a given stress level S. 
A graph is plotted between ln[ln(1/p)] and ln(n), and if a linear trend is observed for the fatigue-life data 
at a given stress level S, it can be assumed that the two-parameter Weibull distribution is a reasonable 
assumption for the statistical description of fatigue-life data at that stress level. The parameter b and u can 
be directly obtained from the graph. Fig. 2 shows the plots of the fatigue-life data at S= 0.70, 0.75 and 0.80. 
It can be observed that the data points fall approximately along a straight line, which indicates that the two-
parameter Weibull distribution is a reasonable assumption for the distribution fatigue-life of glass fiber 
reinforced concrete at these three stress levels. The parameter D  and u can be directly obtained from the 
graph. 
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Vf  = 1%
S = 0.70
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Fig. 2. ln[ln(1/P)]̚ln(n) curves of  GFRC 
The estimated parameters for the fatigue-life data of glass fiber reinforced concrete, at different stress 
levels are shown in Fig. 2 and Table 4. 
Table 4.  Values of the Weibull parameters for fatigue-life of GFRC 
Vf 
S=0.70 S=0.75 S=0.80 
D  ulnD  D  ulnD  D  ulnD  
0.60% 2.267 29.819 3.106 36.080 2.0137 21.746 
0.80% 2.1015 27.217 1.901 23.224 2.0277 22.703 
1% 2.5339 35.289 1.4404 18.284 2.4797 20.985 
Average 2.3008 30.775 2.1491 25.8627 2.1737 21.8113 
 
4. Fatigue equation of glass fiber reinforced concrete 
It has been shown in the preceding sections that the fatigue life data of GFRC can be described by the 
two-parameter Weibull distribution. Therefore, it can be used to calculate the fatigue-lives corresponding to 
different survival probabilities. Using the average values of the parameters as obtained above; the 
calculated values of the fatigue-lives corresponding to survival probabilities from 0.9 to 0.5 are listed in 
Table 5. 
Table 5.  Calculated fatigue-lives corresponding to different reliabilities 
P S=0.70 S=0.75 S=0.80 
0.90 242,244  59,106  8,094  
0.80 335,662  83,806  11,432  
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0.70 411,559  104,245  14,185  
0.60 481,099  123,209  16,733  
0.50 549,346  142,011  19,256  
 
Following equations have been used in the past by the researchers to study the fatigue of concrete [6]: 
NbaS lglglg                                                                                                                 (4)  
where a, b, are experimental coefficients. Many researchers used Eq. (4) which represents the relationship 
between stress level S, and number of cycles to failure N. The results of Table 5 were recursively analyzed 
by using Eq. (4) which was shown in Table 6. The results can thus be used by the design engineers to 
estimate the strength of for the desired level of survival probability. For example, the flexural fatigue of 
GFRC for the 50% survival probability can be written in the following form: 
NS lg0393.00731.0lg                                                                                                   (5) 
Table 6.  Recursive coefficients a and b  
P lga b 
0.90 0.0565 0.0388 
0.80 0.0631 0.039 
0.70 0.0672 0.0391 
0.60 0.0704 0.0392 
0.50 0.0731 0.0393 
5. Conclusion 
It has been shown that the statistical distribution of fatigue-life of glass fiber reinforced concrete at a 
given stress level, S approximately follows the two-parameter Weibull distribution. The parameters of the 
Weibull distribution for the fatigue-life are obtained by the graphical method. The coefficients of the 
fatigue equation have been determined for GFRC corresponding to different survival probabilities, thus 
incorporating the survival probabilities into the fatigue equation. The fatigue equation can be used for 
obtaining the flexural fatigue strength of GFRC for the desired level of survival probability. As a whole, the 
fatigue performance of GFRC is better than plain concrete.  
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